Aims: The present study aimed to assess the prevalence of hypertension among Chinese adults. Results: A total of 26.6% of Chinese adults had hypertension, and a significantly greater number of men were hypertensive than women (29.2% vs 24.1%, p,0.001). The age-specific prevalence of hypertension was 13.0%, 36.7%, and 56.5% among persons aged 20 to 44 years (young people), 45 to 64 years (middle-aged people), and $65 years (elderly people), respectively. In economically developed regions, the prevalence of hypertension was significantly higher among rural residents than among urban residents (31.3% vs 29.2%, p = 0.001). Among women or individuals who lived in the northern region, the disparity in the prevalence of hypertension between urban and rural areas disappeared (women: 24.0% vs. 24.0%, p = 0.942; northern region: 31.6% vs. 31.2%, p = 0.505). Among hypertensive patients, 45.0% were aware of their condition, 36.2% were treated, and 11.1% were adequately controlled.
Introduction
Cardiovascular and cerebrovascular diseases are the leading cause of death in China [1] . Most cardiovascular and cerebrovascular diseases are closely associated with hypertension [1] [2] [3] . Hypertension has become the most common and preventable risk factor for cardiovascular and cerebrovascular diseases worldwide [1, 4] .
With economic growth and the urbanization of China, the prevalence of hypertension has changed in the past several decades, especially during the last 30 years. For example, a national-wide survey of hypertension in 1991, completed by a total sample population of 950356, aged 15 years and older, showed that the age-adjusted prevalence and absolute number of people with hypertension were 11.26% and approximately 94 million, respectively [5] . The estimated number of people with hypertension had increased by almost 60% compared with 1980 results [6] . After approximately 10 years, the China National Nutrition and Health Survey (NNHS) 2002, involving a nationally representative sample of approximately 141 892 adults, reported that 18%, or approximately 153 million Chinese adults aged 18 years and older, had hypertension [7] . This survey also showed that in China, between 1992-2002 more than 260 million people became overweight or obese, which increased the risk for hypertension, type 2 diabetes, dyslipidemia, and coronary heart disease [8] .
Therefore, we hypothesize that with the growing modernization of China, the prevalence of hypertension will continue to increase.
Since the 1980 s, the economic transition in China has provoked sweeping changes in lifestyle involving overconsumption of dietary fat and reduction in physical activity, which have undoubtedly contributed to the increase in body weight [8, 9] . Such lifestyle changes are affecting young people in China. The proportion of children aged 7 to 18 years who were obese and overweight increased 28-fold between 1985-2000 [10] . Therefore, it is likely that the prevalence of hypertension may be dramatically rising among young people. Additionally, compared with developed regions, developing counterparts have more remarkable changes in lifestyle along with economic development [11] . In the last two decades, the rate of obesity has tripled in developing countries [12] . In developing nations, obesity is often most prevalent in wealthier sections of the population [13] . Considering the disparities in regional development, and the rapid development of the rural economy over the recent years in China, the problem of obesity and obesity-related illnesses, including hypertension, may be worsening at a dramatic rate in developing or rural areas. Previous studies have documented that there is a higher prevalence of hypertension in northern China compared with southern China, largely because of a greater body mass index (BMI), higher dietary salt intake, and other lifestyle factors among residents in the north [14] . However, it is unknown whether geographic variations in the prevalence in hypertension have changed over recent years because of lifestyle changes in Chinese adults.
To provide current and reliable data on the prevalence and epidemiological characteristics of selected cardiovascular disease risk factors, including hypertension, the China National Diabetes and Metabolic Disorders Study was conducted from June 2007 through to May 2008 in Chinese adults aged 20 years and older [15] .
Methods

Study Participants
We studied the participants who had been recruited to the China National Diabetes and Metabolic Disorders Study, of which full details are described by Yang et.al [15] . In brief, a multistage stratified sampling method was used to select a nationally representative sample of the general population aged 20 years or older in China. A total of 54,240 people were selected and invited to participate in the survey. A total of 47,325 people (18,976 men and 28,349 women) completed the study. The overall response rate was 87.3%(81.0% for men and 92.0% for women; 88.1% in urban areas and 82.7% rural areas). After the exclusion of 538 persons for whom demographic information was missing and 548 for whom data on fasting or 2-hour plasma glucose levels were missing, 46,239 adults were included in the final analysis.
The Medical Research Ethics Committee of the China-Japan Friendship Hospital reviewed and approved the present study. The written informed consent was obtained from each participant before data collection.
Data Collection
Data collection was conducted in examination centers at local health stations or in community clinics in the participants' residential area. Details of data collection, including biometric and biochemical characteristics, were presented in our previous paper [15] . Additionally, blood samples of participants were taken at 0, 30, and 120 minutes in an oral glucose-tolerance test (OGTT) and then the serum was separated and stored frozen at 280uCfor insulin measurements. All the serum insulin was measured by radioimmunoassay in the laboratory of China-Japan Friendship Hospital. To investigate the relationships between blood pressure and insulin resistance and/or hyperinsulinemia, the homeostasis model assessment of insulin resistance (HOMA-IR) [16] was calculated and used to estimate insulin sensitivity, and insulin area under-curve (IAUC) [17] was calculated and employed to estimate hyperinsulinemia.
1999 World Health Organization diagnostic criteria was used to diagnose diabetes, impaired fasting glucose and impaired glucose tolerance [18] . Pre-diabetes was defined as either impaired fasting glucose or impaired glucose tolerance.
BP Measurement and Study-Outcome Definitions
Investigators were trained in the measurement of blood pressure and in the questionnaire before the survey according to a standard protocol [19] . The measurement of blood pressure was preformed before OGTT and blood pressure was measured using a standardized mercury sphygmomanometer (regular adult, large, or thigh) in the sitting position after 5 minutes of rest, no smoking, alcohol coffee/tea, exercise and stress at least 30 minutes before examination. Two consecutive readings of blood pressure were taken on the same arm; the mean of the 2 measures was used for analysis. The accuracy rate of blood pressure was 2 millimeter of mercury.
According to Seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure [20] , hypertension was defined as systolic blood pressure (SBP) of 140 mm Hg or greater, diastolic blood pressure (DBP) of 90 mm Hg or greater, or self-reported current treatment for hypertension with antihypertensive medication. Previously diagnosed hypertension was identified by a positive response from the participant to the question, ''Has a doctor ever told you that you have hypertension?'' Total hypertension included both previously diagnosed hypertension and previously undiagnosed hypertension. The individuals with a normal blood pressure reading at the time of the survey, who had previously been informed by a healthcare professional but were not on treatment, were not considered hypertensive. Awareness of hypertension was defined as self-report of any previous diagnosis of hypertension by a healthcare professional among the population defined as having hypertension. Treatment of hypertension was defined as use of a prescription medication for management of high BP at the time of the interview. Control of hypertension was defined as pharmacological treatment of hypertension associated with an average SBP,140 mm Hg and an average DBP,90 mm Hg. Family history of hypertension was defined by any parental or first-degree sibling history of hypertension.
Statistical Analysis
All calculations were weighed to represent the total Chinese adult population aged 20 years or older. Weights were calculated based on the Chinese population data from 2006 and the study sampling scheme, which took into account several features of the survey. These features included oversampling for female and urban residents, non-response, economic development, and other demographic or geographic differences between the sample and the total population. Prevalence estimates for hypertension were calculated based on the overall population according to age and sex, in which age-and sex-standardized prevalence was determined using the population distribution of China in 2006 [21] . A multinomial logit analysis was utilized to examine the association between demographic, lifestyle, and metabolic factors with the odds of hypertension. With the use of forward conditional, only covariables that were significant (P,0.05) were retained in the final model. Standard errors were calculated using a technique appropriate for the complex survey design. All P-values were twotailed with a significance level of 0.05. Statistical analyses were conducted using SUDAAN software (version 10; Research Triangle Institute, Research Triangle Park, NC, USA). 
Results
Prevalence of Hypertension
A total of 26.6% of Chinese adults aged 20 years or older, representing approximately 254 million individuals, had hypertension (Fig. 1A) . The age-standardized prevalence of hypertension was significantly higher in men than in women (29.2% vs 24.1%, p,0.001) (Fig. 1A) . The age-specific prevalence of hypertension increased with age throughout the entire age range ( Fig. 2A) . This trend was also observed in mean systolic blood pressure levels by age groups, but not in mean diastolic blood pressure levels (Fig. 2B-C) . The age-specific prevalence of hypertension was 13.0%, 36.7%, and 56.5% among persons aged 35 to 44 years (young people), 45 to 64 years (middle-aged people), and $65 years (elderly people), respectively (Fig. 3) .
Metabolic Risk Factors
In persons with hypertension, 57.5% of men and 52.1% of women had previously undiagnosed hypertension. Persons with undiagnosed hypertension had significantly lower fasting plasma glucose levels, 2-hour plasma glucose levels, total cholesterol levels, triglyceride levels, low density lipoprotein cholesterol levels, and the insulin resistance index as determined by homeostasis model assessment than did those with diagnosed hypertension. Furthermore, patients with previously undiagnosed hypertension were younger, less likely to have a family history of diabetes and less likely to be obese compared with those with diagnosed hypertension. Therefore, patients with previously undiagnosed hypertension had much less metabolic risk factors than did those with diagnosed hypertension (Table 1) .
Economic Development, Urbanization, and Geographic Region
Although the prevalence of hypertension was significantly higher in urban residents than in rural residents (28.1% vs. 25.2%, p,0.001), there was no significant difference in the prevalence of hypertension between urban and rural women (24.0% vs. 24.0%, p = 0.942) (Fig. 4A) . The increasing prevalence of hypertension was positively correlated with the level of economic development. However, in economically developed regions, the prevalence of hypertension was higher among rural residents than among urban residents (31.3% vs 29.2%, p = 0.001) (Fig. 4B) . When 14 provinces, municipalities, and autonomous regions selected in this study were divided into northern and southern China along the boundary of the Qinling Mountains and Huaihe River, residents in the northern region had a higher prevalence of hypertension than those in the southern region (31.4% vs. 22.7%, p,0.001) (Fig. 4C) . However, among individuals who lived in the northern region, the prevalence of hypertension in rural residents was comparable with that in urban residents (31.6% vs. 31.2%, p = 0.505) (Fig. 4C) .
Awareness, Treatment, and Control of Hypertension
Overall, 45.0% of those with hypertension were aware of their diagnosis, 36.2% were taking prescribed medication to lower their blood pressure (equivalent to 80.4% of those aware of their condition), and only 11.1% achieved blood pressure control (equivalent to 24.6% of those aware of their condition) (Fig. 1B) .
More women were aware of their hypertension than men were (47.9% vs. 42.5%, p,0.001). Treatment and control were also more common among women than among men (Fig. 1B) . The proportion of awareness of hypertension in affected young people was far lower than middle-aged or elderly people (29.4% vs. 50.5% p,0.001; 29.4 vs. 50.3% p,0.001) (Fig. 1C) .
Multivariable Risk Assessment
In multivariable, binary, logit models, the prevalence of hypertension was positively associated with male sex, older age, a family history of hypertension, educational level below college, increased heart rate, overweight, obesity, central obesity, prediabetes, diabetes, elevated serum triglyceride levels, elevated serum cholesterol levels, a higher level of economic development, and residents living in the northern region, whereas there was an inverse correlation between urban residence and hypertension. Additionally, the log insulin resistance index as determined by homeostasis model assessment and log incremental area under the curve were related to an increased risk of hypertension (Table 2) . There are likely to be multiple reasons for this increase. An increase in obesity may be the main contributing factor [7, 24] . In our study, obesity was the factor most strongly and independently correlated with hypertension.
Discussion
Among all hypertensive individuals, nearly half were aware of their condition, more than one third were receiving prescribed antihypertensive medications (equivalent to 80.4% of those aware of their condition), and one ninth had achieved adequate control of blood pressure (equivalent to 24.6% of those aware of their condition). These findings are higher than those reported by the China NNHS 2002 [7] , which estimated that the awareness, treatment, and control of hypertension was 24%, 20%, and 5% in individuals, respectively. Moreover, from 2002-2008, the ratio of controlled to treated hypertension also rose from 1:4.2 to nearly 1:3. These findings suggest that China has made some progress in the management of hypertension over the past years. However, the awareness, treatment, and control of hypertension from the current study are still substantially lower than those reported by the NHANES 1999-2010 [25] , where in hypertensive individuals, 74.0% were aware of their condition, 71.6% were taking antihypertensive medications, 46.5% achieved adequate control of blood pressure, and 64.4% achieved adequate control in treatment. Therefore, China needs to continue promoting community-based standardized blood pressure management programs to further raise the awareness of the condition and the efficacy of treatment. A more aggressive blood pressure-lowering goal and strategy should be established and used.
The trend of an increase in the prevalence of hypertension was much greater in younger age groups compared with older age groups over the past few decades. In men aged ,45 years, the prevalence of hypertension in 2007-2008 was almost 2.5 times higher than that in 1991 [5] . Similar increases in prevalence were observed in women aged ,45 years. Of more concern, the affected young people had a markedly lower awareness of their condition than did their older counterparts (aged $45 years). In the present study, patients with previously undiagnosed hypertension had much less metabolic risk factors compared with those with diagnosed hypertension. This resulted in less chance for early detection and early treatment of hypertension, and partly accounted for the lower awareness among hypertensive patients aged ,45 years. Actually, it is well known that young people often live a stressful life, but do not pay enough attention to their health, which may contribute to the rapid growth in the prevalence of hypertension. Therefore, health education and periodic physical examinations may be more effective and important measures to detect hypertension early in such a population.
The gap in the prevalence of hypertension between urban and rural areas was not further narrowed in this survey compared with the data from the China NNHS 2002 [7] . However, in economically developed regions, rural residents had a higher prevalence of hypertension than urban residents. Among women or individuals who lived in the northern region, the disparity in the prevalence of hypertension between urban and rural areas disappeared. Multivariable regression analysis showed that urban residence was negatively correlated with hypertension after multivariable adjustment. We also found similar trends in obesity-related diseases, such as pre-diabetes, which was slightly lower among urban residents than among rural residents (15.0% vs. 16.0%, p = 0.06) [15] . With economic development in rural regions, urbanization and associated lifestyle and diet may explain the convergence in the prevalence of hypertension between persons who live in urban settings and those who live in rural areas [26] . As a country with a vast agricultural base, China should pay more attention to improving the health status of rural residents.
The current study has potential limitations, some of which have been mentioned in previous studies by our group [15] . First, dietary intake and work-related physical activity were not assessed in our study. Therefore, we were not able to determine the association between these factors and the prevalence of hypertension. Second, because we are unable to obtain the original data of the population samples in 1991 and 2002, mutual comparison of the characters of the three population samples (1991, 2002 and 2007-2008) could not be carried out. However, the sampling methods among these population samples were similar, and the prevalence of hypertension from the three population samples reflects the national epidemic status in their respective time periods. Therefore, the changing trends from 1991-2008 can still be shown through the mutual comparison of the prevalence of hypertension among the three population samples.
In conclusion, the present study indicates that the prevalence of hypertension in China is increasing. Although hypertension awareness, treatment, and control have improved during the past several years, the overall rates remain poor. Public health efforts for further improving awareness and enhancing effective control are still urgently required in China. In addition, the trend of an increase in the prevalence of hypertension is much greater in young people and rural populations, notwithstanding elevated blood pressure being pervasive in various age groups and across all socioeconomic groups. These emerging populations should be focused on in community-based standardized blood pressure management programs in China. 
